Introduction
Alterations in the serotonergic [5-hydroxytryptamine (5-HT)] neurotransmitter system have been associated with several psychiatric disorders (Fink and Gothert, 2007) . In particular, the main inhibitory serotonin receptor (5-HT 1A ) seems to play a key role in major depression (Drevets et al., 2000; Hirvonen et al., 2008) and anxiety disorders (Gordon and Hen, 2004; Akimova et al., 2009) . Animal studies further underline the involvement of the 5-HT 1A receptor in anxiety-like behavior (Gross et al., 2002; Ö gren et al., 2008) .
Originating in the midbrain raphe nuclei, serotonergic neurons account for 5-HT release at terminal nerve ends within projection areas (Tork, 1990; Michelsen et al., 2008) . In the human raphe nuclei, the vast majority (80 -100%) of 5-HT 1A receptors are located on cell bodies of serotonin neurons (Hornung, 2010) and have an autoinhibitory function (Fink and Gothert, 2007) . Thus, activation of 5-HT 1A autoreceptors decreases the rate of serotonergic cell firing (Hajos et al., 2001; Evans et al., 2008) , leading to a reduced 5-HT release (Parsons et al., 2001; Bundgaard et al., 2006) . In contrast, outside the raphe region 5-HT 1A receptors are mainly situated on non-5-HT-containing neurons in projection areas [i.e., as heteroreceptors (Mengod et al., 2010) ], inhibiting postsynaptic cell firing (Fink and Gothert, 2007) .
Selective serotonin reuptake inhibitors (SSRIs) are one of the most common pharmacological treatments of anxiety disorders (Bandelow et al., 2002; Kasper et al., 2005) , which decrease the clinical symptoms of anxiety (Sanchez et al., 2003) and depression (Blier et al., 1998) after sustained treatment. This has been attributed to a desensitization of 5-HT 1A autoreceptors in the raphe nuclei (Dawson et al., 2000) , allowing the firing rate of serotonergic neurons to recover (Blier and De Montigny, 1983; El Mansari et al., 2005) and, together with 5-HTT blockade, increas-ing serotonergic neurotransmission (Blier and de Montigny, 1999) . Furthermore, it seems that a multitude of 5-HT heteroreceptors are also altered by SSRI treatment (Le Poul et al., 2000; Meyer et al., 2001; Burghardt et al., 2007; Spindelegger et al., 2008) , indicating adaptive mechanisms within the entire 5-HT system (El Mansari et al., 2005) . However, it is not fully understood how treatment-induced changes in different parts of the 5-HT network are related to each other. In healthy subjects, strong correlations of 5-HT 1A receptors between the dorsal raphe nucleus (DRN) and projection areas were reported (Rabiner et al., 2002; Borg et al., 2006; Drevets et al., 2007) . Although these interregional relationships might provide important complementary information on a network level, only few results describe such treatment-induced interactions (Bosker et al., 2001; Sprouse et al., 2001; El Mansari et al., 2005) .
Therefore, this positron emission tomography (PET) study evaluates the association of 5-HT 1A receptor binding between the DRN (autoreceptors) and the entire brain (heteroreceptors) in healthy subjects and patients with anxiety disorders before and after continuous escitalopram treatment. Considering the widespread projections from the raphe nuclei (Tork, 1990 ) and the involvement of corresponding circuits in anxiety disorders (Lowry et al., 2005) , our working hypothesis was to find SSRIinduced changes in the association between 5-HT 1A autoreceptors and heteroreceptors.
Materials and Methods
Participants. In total, PET data from 57 participants from previous work Spindelegger et al., 2008; Stein et al., 2008; Fink et al., 2009; Witte et al., 2009) were used for this retrospective pooled study. Within our patient group, we included 21 medication-free subjects (18 males) between 22 and 56 years of age [mean age (ϮSD), 30.3 Ϯ 7.9 years] with social anxiety (n ϭ 16) or panic disorder (n ϭ 5). DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, fourth revision) diagnosis was assessed by an experienced psychiatrist with the MINI International Neuropsychiatric Interview and the Spielberger State-Trait Anxiety Inventory on the day of the screening visit. Exclusion criteria covered comorbidity of depression or axis I disorders, history of alcohol or substance abuse, and any prior lifetime medication targeting the serotonergic system. Patients underwent two PET measurements, one before and one after at least 12 weeks of escitalopram treatment. However, for six subjects, PET scans after SSRI treatment were not available/included in the analysis (two voluntarily withdrew from the study, two were noncompliant with the medication intake, one because of alcohol abuse, and one because of excessive movement during the second PET scan), leaving 15 patients (12 males) with social anxiety (n ϭ 11) or panic disorder (n ϭ 4).
An additional 36 healthy controls (18 males) aged 20 -46 years [mean age (ϮSD), 25.8 Ϯ 4.9 years] were included that have been described in previous studies Fink et al., 2009; Witte et al., 2009) . Briefly, all female participants were measured with PET in the follicular phase of their menstrual cycle (Jovanovic et al., 2006) , and additional exclusion criteria with respect to patients were any mental, neurological, or psychiatric disorders.
To ensure their physical healthy condition, patients and healthy subjects underwent a standard medical examination including electrocardiography, routine laboratory tests, and assessment of general physical and neurological status. Female participants were tested for pregnancy at the screening visit and before each PET measurement. All subjects were recruited via advertisement or from the outpatient department of the General Hospital of Vienna; they provided written informed consent at the screening visit and received reimbursement for their participation. This study was approved by the Ethics Committee of the Medical University of Vienna and the General Hospital of Vienna.
Treatment. After the first PET scan, each patient received an individual oral dose of escitalopram for a minimum duration of 12 weeks [mean treatment duration (ϮSD), 105 Ϯ 24 d], where dosage was determined by an experienced psychiatrist ranging between 5 and 30 mg/d (for details, see Spindelegger et al., 2008) . Thirteen of the 15 patients who completed the study received 10 mg/d escitalopram for the entire study duration. One patient did not respond to a dose of 10 mg/d, thus dosage was increased to the maximum of 30 mg/d. Because of weak clinical symptoms, one patient was treated with 5 mg/d for the entire study duration.
Based on previous work , blood samples were collected on the day of the second PET scan ϳ6 h after escitalopram intake. Escitalopram plasma levels were determined by the Division of Neurochemistry at the University of Innsbruck, Austria. For technical reasons, plasma levels were only available from 12 patients, including the two subjects with a dosage of 5 and 30 mg/d.
PET protocol. PET was performed at the Department of Nuclear Medicine of the Medical University of Vienna, Austria, using a GE Advance PET scanner (General Electric Medical Systems) as described previously . Briefly, the subject was placed in the scanner parallel to the orbitomeatal line using a laser-beam system. Tissue attenuation was measured in a 5 min transmission scan using a retractable 68 Ge ring source. The three-dimensional dynamic PET scan started simultaneously with the intravenous bolus injection of the radioligand [carbonyl- 11 C]WAY-100635, which is suitable for the quantification of the 5-HT 1A receptor (Gunn et al., 1998) . The radioligand was prepared as described previously and injected in PBS [pH 7.4; mean injected dose (ϮSD), 375.9 Ϯ 36.4 MBq]. Each measurement consisted of 30 time frames, 15 ϫ 1 and 15 ϫ 5 min, yielding a total scanning duration of 90 min. After scatter and attenuation correction, PET data were reconstructed using an iterative filtered back-projection algorithm (FOREϩITER), giving a final spatial resolution of 4.36 mm full-width at half-maximum at the center of the field of view (matrix, 128 ϫ 128; 35 slices).
Regions of interest and tracer kinetic modeling. Preprocessing was performed in PMOD 2.95 (PMOD Technologies). To determine 5-HT 1A autoreceptor binding in the DRN, a region of interest (ROI) comprising spheres of 4 mm diameter was defined manually in two slices of the original (non-normalized) summed PET image Spindelegger et al., 2008; Sullivan et al., 2009 ). Correct ROI location was ensured using the coregistered magnetic resonance imaging scan. All PET records where then normalized to a tracer-specific template Fink et al., 2009; Witte et al., 2009) , and voxel-wise 5-HT 1A receptor maps within the stereotactic Montreal Neurological Institute (MNI) space were computed for assessment of heteroreceptors.
The 5-HT 1A receptor binding potential [BP ND (Innis et al., 2007) ] was quantified using the multilinear reference tissue model [MRTM2 (Ichise et al., 2003) ] for both the DRN ROI and parametric 5-HT 1A maps. Although similar to the simplified reference tissue model (Lammertsma and Hume, 1996) , the MRTM2 has the advantage of fixing the clearance rate of the radiotracer from the reference region to the plasma (k 2 Ј), thus reducing the number of estimated parameters and providing more stable results, especially for voxel-wise analysis. Here, k 2 Ј was calculated from the insula and cerebellum [i.e., receptor-rich and -poor regions ( 2008). The reference region was defined as cerebellar gray (excluding vermis), but because of recent concerns (Parsey et al., 2005; Hirvonen et al., 2007) , 5-HT 1A BP ND was also quantified with the cerebellar white matter. ROIs for the assessment of heteroreceptor binding were defined from group comparisons (1) anatomically with the ROI atlas and (2) functionally as clusters with significant differences between patients before and after treatment. Thus, functional ROIs comprise a subpart of the anatomical areas. For post hoc analysis, additional regions were taken from the same ROI atlas . These included the bilateral amygdala; the hippocampus; the insulary, medial orbitofrontal, and anterior cingulate cortices, because of their involvement in anxiety disorders (Cannistraro and Rauch, 2003; Lanzenberger et al., 2007; Nash et al., 2008; Spindelegger et al., 2008) , as well as the fusiform gyrus as a nonlimbic control region.
Statistical analysis. To evaluate the association of 5-HT 1A binding between autoreceptors and heteroreceptors, a voxel-wise linear regression analysis was performed in SPM5 (Wellcome Trust Centre for Neuroimaging, London, UK; http://www.fil.ion.ucl.ac.uk/spm/) for each group separately (i.e., healthy subjects at baseline as well as patients before and after SSRI treatment). Here, the BP ND values of the DRN ROI served as the regressor, and the whole-brain voxel-wise 5-HT 1A binding maps served as the dependent variable, controlling for sex because of controversial results (Jovanovic et al., 2008; Stein et al., 2008) . The resulting t maps were then transformed into R maps representing the correlation coefficient of the regression model [p Ͻ 0.05, corrected for multiple comparisons using the false discovery rate (FDR)] with the VBM toolbox 5.1 (http://dbm.neuro.uni-jena.de/vbm/). To evaluate differences in regression slopes ␤ across study populations, an analysis of covariance was applied in SPM5 ( p Ͻ 0.01, controlling for sex), which is equivalent to the following t statistic (Howell, 2002) :
where SE(␤ 1 Ϫ ␤ 2 ) is the pooled standard error. To assess group differences in correlation coefficients, R values were extracted from voxel-wise maps of the regression analysis across anatomical and functional ROIs. Then, R values were normalized (RЈ) using Fisher's r-to-z transformation:
and a Z statistic was calculated between regional correlation coefficients of the study populations (Howell, 2002) :
where n 1 and n 2 represent the sample size of each group. The adapted version for paired samples is given by Steiger (1980) . Considering their different explanatory value, we report both regression and correlation coefficients. Whereas ␤ gives the slope of the regression line (i.e., the change in the dependent variable for each unit change in the independent variable), R (and R 2 ) describe how much of the variance of the dependent variable can be explained by the independent variable. Taking into account multiple comparisons among intercorrelated data, FDR correction was applied for voxel-wise comparisons of regression coefficients (t values) and Bonferroni-Holm adjustment was applied when comparing correlation coefficients (Z values) for regions with significant differences between patients before and after treatment (see Table 4 ).
In addition to our primary hypothesis of evaluating 5-HT 1A associations between autoreceptors and heteroreceptors, we tested whether this Table 3 for R, ␤, and p values). Crosshair is at MNI coordinates x, y, z: 1, Ϫ1, Ϫ19 mm. Left is right. effect as well as group differences are limited to connections of the DRN to projection areas or also exist between regions with heteroreceptors. Thus, post hoc correlation analyses were performed between ROIs expressing 5-HT 1A heteroreceptors (amygdala; hippocampus; insula; medial orbitofrontal and anterior cingulate cortices; fusiform gyrus). This subsequent analysis of regional 5-HT 1A BP ND and correlations with escitalopram plasma levels were calculated in SPSS 15.0 (SPSS) and Matlab R2006b (The Mathworks). All statistical tests were two-tailed.
Results
As described previously by our group , after escitalopram medication both state (44.8 Ϯ 7.7 vs 37.5 Ϯ 7.2) and trait (47.1 Ϯ 11.6 vs 38.9 Ϯ 10.6) anxiety levels of patients were significantly lower ( p Ͻ 0.001). Demographic sample characteristics are given in Table 1 , whereas no significant correlations have been found between regional 5-HT 1A BP ND and demographic variables. An overview of the range of 5-HT 1A BP ND values are given in Table 2 , but for an evaluation of regional 5-HT 1A BP ND , the reader is referred to previous studies Spindelegger et al., 2008) . The amount of S-citalopram in plasma ranged between 4 and 35 ng/ml (mean Ϯ SD, 14.0 Ϯ 8.3 ng/ml).
Association of 5-HT 1A BP ND between autoreceptors and heteroreceptors in healthy subjects
For healthy controls (n ϭ 36), the 5-HT 1A receptor BP ND of the DRN was positively correlated with heteroreceptor binding in most cortical regions, being strongest within the insula, cingulate cortex, and frontal areas (Fig. 1a) . The correlation was weaker within the occipital cortex and subcortical regions of the amygdala and hippocampus. The only negative correlations were found (R Ͻ 0.5) in the cerebellar vermis. There was no significant correlation in the cerebellar cortex, the striatum, and the thalamus. In general, regression lines were steeper in women than in men ( p Ͻ 0.05), especially within the orbitofrontal cortex and the insula, but not within the DRN, amygdala, or hippocampus.
Association of 5-HT 1A BP ND between autoreceptors and heteroreceptors in untreated patients
Similar to healthy controls, unmedicated anxiety disorder patients (n ϭ 21) showed weak associations in subcortical regions. In general, correlations were stronger, especially in the occipital cortex, but the overall correlation pattern was topologically less structured (Fig. 1b) . However, significant differences in the regression slopes between untreated patients and healthy controls were found only within the right fusiform, lingual, and inferior occipital cortices ( p Ͻ 0.01). In contrast, healthy subjects showed greater regression coefficients in the middle cingulate cortex and the bilateral inferior orbitofrontal cortex ( p Ͻ 0.01).
Association of 5-HT 1A BP ND between autoreceptors and heteroreceptors in patients after escitalopram treatment
After patients were continuously treated with escitalopram (n ϭ 15), the correlations of 5-HT 1A BP ND between autoreceptors and heteroreceptors strengthened in cortical and even more within limbic subcortical regions, but areas with lower correlations no longer reached statistical significance (Fig. 1c) . Direct comparison of anxiety disorder patients before and after medication revealed group differences at the subcortical level ( Fig. 2a,b ; Tables  3, 4 ). More precisely, correlation coefficients between 5-HT 1A autoreceptor and heteroreceptor BP ND were higher (R 2 : before SSRI, 0.24 -0.28 vs after SSRI, 0.49 -0.62) and regression lines were steeper (␤ ϭ 0.78 -1.23 vs 1.5-2.74; p Ͻ 0.01) after treatment for the amygdala and hippocampus in both hemispheres. Using a functional ROI definition, these differences in the association were even higher (R 2 ϭ 0.21-0.25 vs 0.72-0.81; p Ͻ (2) functionally comprising clusters with significant differences between patients before and after treatment** (see Fig.  2a ,b). *p Ͻ 0.05; **p Ͻ 0.01; ***p Ͻ 0.001, all parameters survive correction for multiple comparisons ( p Ͻ 0.05, FDR).
0.05-0.001), and the amygdala also survived correction for multiple comparisons. Hence, for the amygdala and hippocampus, the variability of 5-HT 1A heteroreceptor binding explained through 5-HT 1A BP ND of the DRN almost tripled after SSRI administration. Furthermore, the increased regression coefficients indicate that changes in 5-HT 1A BP ND of the DRN have a 1.5-3.4 times greater effect on heteroreceptors after escitalopram medication (Table 3) . Comparing patients after escitalopram medication with healthy subjects, differences in correlation and regression coefficients were smaller but reached greater significance ( p Ͻ 0.01) ( Fig. 2c,d ; Tables 3, 4) . Furthermore, steeper regression lines between treated patients and healthy subjects were found for the subgenual part of the anterior cingulate cortex and the bilateral insula, nucleus accumbens, and fusiform gyrus ( p Ͻ 0.01). In contrast, treated patients had less steep regression slopes within occipital and cerebellar cortices ( p Ͻ 0.01) than healthy subjects; however, this was less marked than for the comparison with untreated patients (Fig. 2a-d) .
Importantly, comparing only those patients where pretreatment and posttreatment PET scans are available or using cerebellar white matter as a reference region did not change the findings of this study. Similarly, the results remained stable when investigating only patients with social anxiety disorder. Also, tracer deliver (R1 ϭ K1 ROI /K1 Ref ) and washout (k2) rates did not differ significantly between any of the three groups (data not shown). Notably, controlling for sex effects improved the regression model and group comparisons.
Post hoc data analysis Subsequent correlation analysis was performed to assess whether 5-HT 1A receptor associations between two regions are limited to connections between autoreceptors and heteroreceptors or also exist for areas expressing only heteroreceptors. Indeed, 5-HT 1A BP ND between regions with heteroreceptors (amygdala; hippocampus; insulary, medial orbitofrontal, and anterior cingulate cortices; fusiform gyrus) were highly correlated in healthy subjects (Pearson's r ϭ 0.59 -0.96; p Ͻ 0.001) as well as in patients before (r ϭ 0.73-0.98; p Ͻ 0.001) and after (r ϭ 0.57-0.96; p Ͻ 0.001) treatment. However, direct comparisons revealed no significant differences in this correlation between any of the heteroreceptor areas neither between healthy subjects and patients nor when comparing patients before and after SSRI treatment. Furthermore, we found a negative correlation of the SSRI-induced change in 5-HT 1A BP ND with escitalopram plasma levels in the DRN (Spearman's ϭ Ϫ0.58, p Ͻ 0.05), but not within the amygdala or the hippocampus.
Discussion
This work extends previous findings of positive correlations of 5-HT 1A receptor binding between brain areas in healthy human subjects. More importantly, this is the first study showing an increased association between DRN autoreceptor to amygdalar and hippocampal heteroreceptor 5-HT 1A binding in patients with anxiety disorders after prolonged escitalopram treatment.
Association of 5-HT 1A BP ND between autoreceptors and heteroreceptors in healthy subjects
Consistent with previous observations (Rabiner et al., 2002; Borg et al., 2006; Drevets et al., 2007) , we found widespread positive correlations between 5-HT 1A BP ND in the DRN and projection areas in healthy subjects. 5-HT 1A autoreceptors inhibit tonic firing activity of serotonergic neurons (Hajos et al., 2001; Evans et al., 2008) and hence decrease 5-HT release into the synaptic cleft (Parsons et al., 2001; Bundgaard et al., 2006) . Additional studies reported inverse relationships between serotonin synthesis and heteroreceptor binding (Frey et al., 2008) and behavioral responses (Cowen et al., 1996; Heslop and Curzon, 1999) . This suggests that low synaptic 5-HT levels, caused by a high level of 5-HT 1A autoreceptors, lead to a compensatory upregulation of 5-HT 1A heteroreceptors. Our observation of almost exclusively positive correlations between autoreceptors and heteroreceptors also supports this but requires confirmation since individual serotonin levels were not measurable in this study.
Association of 5-HT 1A BP ND between autoreceptors and heteroreceptors in untreated patients
In contrast to healthy subjects, it seems that untreated patients with anxiety disorders feature a less area-specifically structured and rather disorganized correlation pattern with, for example, greater correlation and regression coefficients in the occipital cortex. On the other hand, patients had lower regression coefficients in the orbitofrontal cortex, a region with decreased functional connectivity to the amygdala in anxiety disorders (Monk et al., 2008) , indicating alterations of the entire 5-HT network in the patient group.
Association of 5-HT 1A BP ND between autoreceptors and heteroreceptors in patients after escitalopram treatment
Continuous escitalopram treatment strengthened the associations in all brain regions with marked effects in the amygdala and hippocampus. Considering the disorganization in untreated patients, this suggests an impaired homeostatic mechanism to adapt serotonergic neurotransmission on a network level. Although we cannot prove a causal relationship, SSRIs seem to reinforce these ROIs were defined functionally as clusters where patients showed significantly steeper regression slopes after treatment** (see Fig. 2 ). t and Z values of these functional ROIs represent peak differences in the regression slope ␤ and correlation coefficient R, respectively, when comparing patients before and after escitalopram medication (see Fig. 2a ,b) as well as between treated patients and healthy subjects (see Fig. 2c,d ). *p Ͻ 0.05; **p Ͻ 0.01; ***p Ͻ 0.001; # withstanding correction for multiple comparisons (FDR and Bonferroni-Holm for t and Z values, respectively).
adaptive processes by enhancing the regulatory influence of the DRN onto regions specifically involved in anxiety disorders (Gross et al., 2002; Gordon et al., 2005; Harmer et al., 2006) . This is also consistent with previous results from anxiety disorder patients Spindelegger et al., 2008) and a similar hypothesis of disturbed homeostatic mechanisms in major depression (Arango et al., 2001) . Additionally, our findings possibly substantiate the amygdala hyperactivation in anxiety disorders (Harmer et al., 2006) and depression (Sheline et al., 2001 ) resolved by SSRIs.
Our interregional approach underlines the neuroplasticity of the serotonergic system that occurs well coordinated on a network level. This might be an important issue within treatment (Azmitia, 1999; Michelsen et al., 2008) considering that the serotonin transporter (Frodl et al., 2004) and the serotonin-1A, -1B, and -2A receptor subtypes regulate neurogenesis within the hippocampus (Banasr et al., 2004) . Conversely, stress decreases and SSRI treatment increases the neurogenesis in this area (Dranovsky and Hen, 2006; Wu and Castren, 2009) , which is further indicated as a key action site of 5-HT 1A receptors in anxiety processing (Gross et al., 2002; Gordon et al., 2005) .
The investigation of network effects is also encouraged by the regulation of conditioned fear through the balance between serotonin-1A and -2A receptor activation (Michelsen et al., 2008) . Although network changes might represent a central issue in antidepressant treatment (El Mansari et al., 2005) , the driving factors are still far from understood. Previous studies in rats demonstrated 5-HT 1A receptor-mediated feedback loops from the medial prefrontal cortex (Casanovas et al., 1999; Sharp et al., 2007) and decreased responsiveness of amygdalar 5-HT 1A heteroreceptors after chronic SSRI treatment (Bosker et al., 2001) . Together with desensitization of the raphe nuclei, these studies are consistent with our finding of enhanced 5-HT 1A correlations between amygdala and DRN after sustained escitalopram medication. In contrast, within rats no differences in 5-HT 1A autoreceptor or heteroreceptor binding were observed after chronic citalopram treatment, although changes in 5-HT 1A receptor-Gprotein coupling were found (Moulin-Sallanon et al., 2009) . Therefore, it cannot be excluded that our results might be related to shifts in 5-HT 1A receptor affinity rather than density, which nevertheless implicates a functional change instead of a structural one. Such alterations in receptor affinity might also include changes at the transcriptional level (Le Poul et al., 2000) . Indeed, chronic SSRI administration increased cortical and striatal 5-HT 1B mRNA levels, whereas 5-HT 1A mRNA decreases (and receptor desensitizations) were found only in the DRN (Le Poul et al., 2000) , further underlining the regional specificity of SSRI effects.
It is not surprising that application of the cerebellar white matter as reference did not change our findings since it is used for quantification of both autoreceptors and heteroreceptors. Accordingly, changes or group differences in nonspecific binding (or any other factor influencing 5-HT 1A globally) only shifts the regression line but would not alter correlation or regression coefficients.
Post hoc data analysis
Consistent with previous studies, we found high correlations between brain areas expressing only heteroreceptors. Interestingly, none of these heteroreceptor associations differed across groups nor changed after escitalopram treatment, indicating that adaptive mechanisms are mainly driven by 5-HT 1A autoreceptors. This is further underlined by our observation that SSRI-induced changes in 5-HT 1A autoreceptor but not heteroreceptor binding correlated with escitalopram plasma levels. Considering that blood sampling was done slightly after the peak escitalopram concentration is reached, concentrations of our patient sample correspond to previously reported values (Sogaard et al., 2005) ; however, local escitalopram levels in different brain areas remain unknown. Our findings are in line with previous studies, suggesting that 5-HT 1A receptors within the DRN (Czesak et al., 2006; Fisher et al., 2006; Michelsen et al., 2008; Fakra et al., 2009; Richardson-Jones et al., 2010) , rather than local heteroreceptors, are the key component for the modulation of complex autonomic functions.
Limitations
One issue is that we could not differentiate between autoreceptors and heteroreceptors within the raphe nuclei since [carbonyl-11 C] WAY-100635 binds to both. However, considering that 80 -100% are 5-HT neurons in the DRN (Hornung, 2010) , an exact determination of the proportion of 5-HT 1A autoreceptors is unlikely to change our main findings.
Another limitation is the small number of panic disorder patients included in this study. Thus, additional work is required to evaluate associations of 5-HT 1A binding specifically in panic disorder. However, the inclusion of these patients improved the regression model, and considering consistent deficiencies in regional 5-HT 1A binding within social anxiety and panic disorder (Nash et al., 2008) , we would expect similar changes on a network level.
Furthermore, this study was not able to evaluate sex differences in anxiety disorder patients since the patient group comprised only three women. Considering that regression coefficients of 5-HT 1A autoreceptor-to-heteroreceptor binding were greater in healthy women than in men, the higher incidence for anxiety disorders in women (Becherer, 2008) , and the discrepancy of sex differences in regional 5-HT 1A receptor bindings (Jovanovic et al., 2008; , future studies should include more patients with an equal distribution of male and female subjects to assess sex differences within SSRI treatment.
Conclusions
To summarize, this study is the first to demonstrate an enhanced association of 5-HT 1A autoreceptor-to-heteroreceptor binding between the DRN with the amygdala and hippocampus in anxiety disorder patients after prolonged escitalopram treatment. Our results underline the regional specificity of SSRIs and the central role of the DRN as prime regulatory area. Hence, the evaluation of neurotransmitter systems on a network level potentially provides important complementary information to regional receptor levels.
